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BONE MORPHOGENETIC PROTEIN 

This invention relates to a bone morphogenetic protein (BMP) which initiates cartilage and bone growth. 
The full length coding sequence for BMP. a polypeptide, is provided. The BMP is provided by isolation 
from bone sources and by synthesis using recombinant DNA techniques. 

5 

BACKGROUND OF THE INVENTION 

It is known that demineralized bone matrix induces new bone formation when implanted in the soft 
tissue by a process generally designated as matrix induced bone formation (see Urist. M.R.. Science , 150 : 

ia 893-899 (1965)). There have been numerous efforts to extract and identify the active material (or materials) 
which induces this process, and it has been generally referred to in the literature as bone morphogenetic 
protein(s) (BMP). It is uncertain whether BMP is a single material or a mixture of materials, and there does 
not appear to be agreement among the investigators as to which material, if any, is the bone morphogenetic 
protein. As discussed herein, the term BMP is used to describe the protein having the amino acid sequence 

;s shown in FIG. 3 (bovine BMP) or FIG. 5 (human BMP), without the signal peptide. 

The therapeutic use of BMP offers considerable advantages over use of traditional bone graft materials. 
While not intended to be limited by any theory one hypothesis assumes that BMP initiates the differenti- 
ation of tissue cells into osteoblasts (cells that manufacture bone). During a process that replicates normal 
human fetal development, BMP-induced osteoblasts form cartilage which, over a period of several weeks 

20 yields solid bone. Thus BMP may be useful for replacing bone that has been destroyed by disease or 
accident, for use in treatment of scoliosis victims, for treatment of mal-or mis-formed bone, for use in 
healing of a fracture, dental reconstruction, hip replacement bone remodeling, and control of osteoporosis. 

It is thus an object of the present invention to produce a functional cartilage and bone growth factor or a 
component thereof, which is a protein identified by its entire amino acid sequence, which has BMP activity. 

25 It is another object of the present invention to produce this biologically active BMP protein by 
recombinant ONA technology. 

SUMMARY OF THE INVENTION 

The present invention provides a class of mature native mammalian proteins termed herein as "bone 
morphogenetic protein" or "BMP", exemplified by the native human and bovine sequences described 
herein. Generally, this class of proteins induce bone growth in vivo or in vitro . The human and/or bovine 
sequences are representative of the class, and can be used to identify and isolate other mammalian BMP 
35 proteins, which will be at least partially or substantially homologous in nucleotide and amino acid 
sequences. Those of skill in the art will be able to readily identify other mammalian BMP's based on 
sequence homology to the human and bovine proteins disclosed herein, as well as biological activity. It is 
recognized that there may be allelic variations in BHP within a species, and such allelic variants are also 
within the scope of the class of proteins provided by the present invention. 
40 The present invention further provides polypeptides which are analogs of BMP. such as BMP muteins, 
fusion proteins comprising BMP or BMP domains, and BMP fragments. Preferred analogs have BMP 
activity. A BMP mutein is a protein substantially homologous to a native BMP sequence ( e . g ... a 
. minimum of about 75%. 85%, 90% or 95% homologous) wherein at.least one amino acid is different The 
term fusion protein includes a protein comprising a complete BMP sequence or a domain, and a 
45 heterologous- N- or C-terminal sequence (such as a signal sequence or sequence which protects the protein 
from degradation). A BMP fragment or domain is an amino acid sequence of sufficient length from a protein 
such that it is identifiable as having been derived from such BMP protein. The origin of a particular peptide 
can be, determined, for example by comparing its sequence to those in public databases. 

The present invention provides in another embodiment BMP having amino acid sequence shown in 
so FIGS. 3 and 5 (which also show the signal peptide). The present invention also provides methods of 
preparing the BMP by recombinant ONA techniques. 

In yet another embodiment, the present invention provides the DNA sequence encoding BMP or 
analogs thereof, which may be used to construct vectors for expression in host systems by recombinant 
DNA techniques. 

In still another embodiment, the present invention provides therapeutic compositions comprising BMP 

2 
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and. optionally, other osteoinductive associated factors such as matrix Gla protein (MGP) and bone 
calcification factor (8CF) and methods for forming cartilage and bone in vertebrates by introducing in vivo at 
the desired site an effective bone initiating amount of BMP. The identity of BMP was first reported by Price. 
Urist and Otawara in Biochem. Biophys. Res. Comm . 1 17:765-771 (1983). The identity of BCF is disclosed 
in commonly assigned copending Serial No. 360,826. filed June 2. 1989. 



8RIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the amino acid sequences of eight peptides from tryptic digestion of bovine BMP; 
FIG. 2 shows DNA and amino acid sequences bf two exon-containing regions of the bovine BMP gene; 
FIG. 3 shows the nucleotide sequence of bovine BMP cDNA and the deduced amino acid sequence of 
the precursor polypeptide: 

FIGS. 4a through 4c show the sequences of the exon-containing regions of the human BMP gene. 
FIG. 5 shows the nucleotide sequence of human BMP and the deduced amino acid sequence of the 
precursor polypeptide. 

DETAILED DESCRIPTION OF THE INVENTION 

.The BMP according to the present invention may be obtained, free of other osteoinductive associated- 
factors, directly from bone sources, by preparative peptide synthesis using chemical methods (such as the 
Merrifield synthesis method) or by recombinant DNA technology. 

As more particularly described in Example 1, BMP may be obtained from partially purified human, 
bovine, or other vertebrate bone extracts, by preparative gel electrophoresis and electroelution of the 
protein. 

BMP nucleic acid sequences may be obtained by recombinant DNA methods, such as by screening 
reverse transcripts of mRNA, or by screening genomic libraries from any cell. The ONA may also be 
obtained by synthesizing the DNA using commonly available techniques and DNA synthesizing apparatus. 
Synthesis may be advantageous because unique restriction sites may be introduced at the time of 
preparing the ONA, thereby facilitating the use of the gene in vectors containing restriction sites not 
otherwise present in the native source. Furthermore, any desired site modification in the DNA may be 
introduced by synthesis, without the need to further modify the DNA by mutagenesis. 

In general, DNA encoding the. BMP may be obtained from human, bovine or other sources by 
constructing a cDNA library from mRNA isolated from vertebrate tissue; and screening with labeled DNA 
as probes encoding portions of the human or bovine chains in order to detect clones in the cONA library that 
contain homologous sequences; or by polymerase chain reaction (PCR) amplification of the cDNA (from 
mRNA) and subdoning and screening with labeled DNA probes; and then analyzing the clones by 
restriction enzyme analysis and nucleic acid sequencing so as to identify full-length clones and, if full-length 
clones are not present in the library, recovering appropriate fragments from the various clones and ligating 
40 them at restriction sites common to the clones to assemble a clone encoding a full-length molecule. 
Particularly preferred DNA probes are set forth in the accompanying examples. Any sequences missing 
from tha.5' end of the. BMP cDNA may be obtained by the 3 extension of the synthetic oligonucleotides 
complementary to BMP sequences using mRNA as a template, (so-called primer, extension), or homologous 
sequences may be supplied from known cDNAs derived from human or bovine sequences as shown in FIG. 
45 3 or FIG. 5. 

The practice of the present invention will employ, unless otherwise indicated, conventional molecular 
biology, microbiology, and recombinant DNA techniques within, the skill of the art Such techniques are 
explained fully in the literature. See e.g.. Maniatis, Fritsch & Sambrook, "Molecular Cloning: A Laboratory 
Manual" (1982); "DNA Cloning: A Practical Approach." Volumes I and II (D.N. Clover ed. 1985); 
so "Oligonucleotide Synthesis" (M.J. Gait ed. 1984); "Nucleic Acid Hybridization" (S.D. Names & S.J. Higgins 
eds. 1985): "Transcription And Translation" (B.D. Hames & S.J. Higgins eds. 1984): "Animal Cell Culture" 
(R.I. Freshney ed. 1986); "Immobilized Cells And Enzymes" (IRL Press. 1986): B. Perbal, "A Practical 
Guide To Molecular Cloning" (1984). 

In describing the present invention, the following terminology will be used in accordance with the 
55 definitions set out below. , 

The term "osteoinductive associated factors" includes factors known in the art which are present in 
mammalian bone or other mammalian tissue and tend to co-purify with BMP or BMP activity. Such factors 
include, but are not limited to. proteins which have been isolated from bone having reported relative 
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u . • .• ™ , <;n<; PAGE of 34KD 24KD 18.5KO. I7.5KD. 16.5KO. 14K0 (as cited in 
molecular weights by migration on a SDS-PAufc oi oii\u. • 3 

the US Patent No 4 761 471). and 6KD (reported by Price. P.A.. et al .. from Prot. Natl. Acad, bcr /J 
pp M47 ,45?! 3976): All observed molecular weights are rerWherein as re.at.ve molecular we.ght by 

, ^^TS^c element (e.g.. p-asmid. chromosome, virus) that ^nctions as an 
autonomous unit oi ONA replication in vivo : i .". ..capable of replicat ion und ^s con rol. 

A "vector" is a replicon. such SlplSsmid. phage or cosmid. to wh.ch another ONA segment may oe 
aHarhfid so as to brina about the replication of the attached segment. 

A "ONA moicule" refers to the polymeric form of deoxyribonucleic (adenine, guanine, thymine, or 
cytosine) in i^Sr single strandedTm. or a doub.e-stranded helix. This term refers ^*W<7Z 
and secondary structure of the molecule, and does not limit it to any P art.cular tertiary forms. Thus, this 
^^2Si«W ONA found, inter alia . in linear ONA mo.ecu.es ( e g «**on 
raoments) viruses plasmids. and <*romosomlT In-discussing the structure of partcular double-stranded 
or^cZT^es may be described herein according to me norma, 
,s sequence in the S to 3 direction along the nontranscnbed strand of ONA (i.e.. the strand havmg 

"TonT^ ™ sequence which is transcribed «■ tran ,at^.o 

a polypeptide^ vfvo w'hen placed under the control of appropriate regulatory -T^^STStJ 
uT<£ing sequel are determined by a start codon at the 5 (am.no) terminus ^'""■J"** 
,„ «3ion at the 3 (carboxy) terminus. A coding sequence can include, but is not l.m.ted to. procaryot.c 
sequences cDNA^n^^caryotic mRNA. gerLc ONA sequences from eucaryotic ( e_ g rnarnmalian) 
DNTand even synthetic ONA sequences. A po.yadeny.aUon signal and transcription termmauon sequence 

will usually be located 3 to the coding sequence. nromoters 
Transcriptional and translation* control sequences are ONA regulatory sequences, such as JP«*"«J£ 
2S en J^rTS«yadeny.ation signal terminators, and the .ike. that provide for the expression of a coding 

^ll^^' is a ONA regulatory region capable o, binding RNA 

3S Oalgamo sequences in addition to the -Wand -35 consensus s< * uences - seau ences in a cell 

A codina seauence is "under the control- of transcriptional and translational control sequences in a ce» 
whel ^pSSSi transcribes the coding sequence into mRNA, which is then transited ,nto the 

Pm V^sZ^™»^ before the coding sequence. This sequence encodes a signal 
„ pJLTtSK to the polypeptide, that communicates to the host 2 
Zu surface or secrete the polypeptide into the media, and this signal pept.de .s chpped off by the host ceii 
SLfr P rotertaves me S5. Signal sequences can be found associated with a vanety of proteins 
S^e r P Sotet -d eukaryotes'For instance. a.pha-factor. a native yeast 
ytS audits Sna. sequence can be attached to hetero.ogous proteins* 
. uS Patent 4.546.082. EPO 0 116 201. publication date 12 January 1983; U.S. Patent ApP">caaor ' 

filed 12 August 1983). Further, the alpha-factor and its analogs have been found to secrete 
• SgoT proteT L a^ariety of yeast, such '« Saccharomyces and 
88312306.9 filed 23 December 1988: U.S. Patent Application See No. 339.682. filed 30 uecemoe 
and EPO Pub. No. 0 301 669. pubfication date 1 February 1989). i .. - 
S o A cell has been "transformed" by exogenous or heterologous ONA ™*™\^2 
introduced inside the cel.. The transforming ONA may or may not be ^^^^^t 
chromosomal ONA making up the genome of the cell. In prokaryo.es yeast and 
example the transforming ONA may be maintained on an ep.somal element such as * p, ^ m '°„ 
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of stable growth in vitro tor many generations. (preferably at least 

Two ONA sequence, are "substantia.., homologous when at ^^Jl Uo({he 
about 90%. and most pre.erab.y at .east about 95%) of the nuc.eoudes maKh ove ^ 
ONA sequences. Sequences that are -f^^^^ system. Defining appro- 

; experiment under, for exampfe. stringent coition* as defined for that £ ^ ^ 

priate hybridization conditions is within the skill ol the art. See. e.g.. waniai _ _ 

Vols. I & ... supra ; Nucleic Acid Hybridization, supra . seament of ONA within a larger ONA 

A "hete-folSg-ous" region of the ONA construct ,s an 5 when the heterologous 

molecule that is not found in association with the JJV^J^ ^A that does not Han" the 
,o region encodes a mammalian gene, the gene w.ll ^JV^ < ^J ef example of a heterologous 
mammalian genomic ONA in the genome of the wee y^££^£nL* (e.g.. cONA 
coding sequence is a construct where the coding sequence ^ ^J^^J^ JLent than 

' S rr^CS^A- H~ "A- is a ^^^^^^ 

My free of "B" (where -B" comprises one or ^^^J^^^t^m of species to 

2S For more about chimeric antibodies see US. Patents nos.. «mh». believed that the naturally- 

The intron-free DNA provided by the present invention * novel. ^ the ONA 
occurring human and bovine genes contain mtrons Hence the lean intron- ^ 
sequences which natural.y occur in the ^^^\^2^Zu^s^^ herein, 
encompasses the intron-free cONA sequences derivable tantt. ^^^.^ c0NA libraries were 
M as more pardcuUuty *-* d * whose 
initially probed for sequences encoding BMP sequences * f rified protein 

sequences were based on a partial amino acid sequence ^™ n £J™^™ZLl with intron- 
sSp.es derived from bone ^.^"ZZ* ^ ^ as Sbed herein, one of 
free DNA encoding human and bovine BMP and their be pared (rom the 

35 ordinary skill in the art would recognize ft* other or bovine gene. 

described sequences in order to readier obtatn J ^jf^jSS SHS? ei(hW 

Vectors are used to simplify manipulation of the DNA which encoaes me ^ - > . 
prepaSion of .arge quantities of DNA for further ^^^^Z^XZ ^ratable 
olypeptide (expression vector* . Vectors 
« DNA fragments, i.e.. fragments that are .ntegratable into ™ JL,,, m m expression vector 

need not contain expression contro. sequences. promoter, an optiona. 

include transcription* and translation* control , sequences such as ^a JJJJJ^, ^ sites (tor 

a separate vector in ^transformation systems using eukaryoUc host cells. vectors) 

Suitab.e vectors general.y ^^^J^l^SS^ii i^nilS expression host By 
and contro. sequences which are derived from ^^^^^'^^ such replicons 
so the term "rep.icab.e- vector as used herein it ^f^^^^^l^ host ce..s are cells 
as well as vectors which are replicated by integration into th e ^ J™** Iran ^ 
which have been transformed or transfected w,m vector ^"^^^ or the cu.ture super- 

zrzsz^v^^ si9na,s in lhe 

ss expressed peptide, e.g. homo.ogous or heterologous signal se ^es- ^ g q( Gfam 

such as established cell lines of mammalian origin. 
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Expression vectors for host cells ordinarily include an origin of replication, a promoter located upstream 
from the BMP coding sequence, together with a ribosome binding site, a polyadenylation site, and a 
transcriptional termination sequence. Those of ordinary skill will appreciate that certain of these sequences 
are not required for expression in certain hosts. An expression vector for use with microbes need only 
s contain an origin of replication recognized by the host, a promoter which will function in the host and a 
selection gene. 

An expression vector is constructed according to the present invention so that the BMP coding 
sequence is located in the vector with the appropriate regulatory sequences, the positioning and orientation 
of the coding sequence with respect to the control sequences being such that the coding sequence is 
w transcribed and translated under the -control" of the control sequences (i.e., RNA polymerase which 
binds to the DNA molecule at the control sequences transcribes the coding sequence). The control 
sequences may be ligated to the coding sequence prior to insertion into a vector, such as the cloning 
vectors described above. Alternatively, the coding sequence can be cloned directly into an expression 
vector which already contains the control sequences and an appropriate restriction site. For expression of 
is BMP in prokaryotes and yeast the control sequences will necessarily be heterologous to the coding 
sequence. If the host cell is a prokaryote. it is also necessary that the coding sequence be free of introns ( 
e.g.. cDNA). If the selected host cell is a mammalian cell, the control sequences can be heterologous or 
homologous to the BMP coding sequence, and the coding sequence can either be genomic DNA containing 
introns or cDNA. Ether genomic or cONA coding sequences can be expressed in yeast 
20 Expression vectors must contain a promoter which is recognized by the host organism. Promoters 
commonly known and available which are used in recombinant DNA construction include the ^-lactamase 
(penicillinase) and lactose promoter systems, a tryptophan (trp) promoter system and the tac promoter. 
While these are commonly used, other known microbial promoters are suitable. 

In addition to prokaryotes, eukaryotic cells such as yeast are transformed with BMP encoding vectors. 
25 Saccharomyces cerevisiae , or common baker's yeast is the most commonly used among lower eukaryotic 
host microorganisms. However, a number of other species are commonly available and useful herein. Yeast 
vectors generally will contain an origin of replication from the 2 micron yeast plasmid or an autonomously 
replicating sequence (ARS). a promoter. DNA encoding BMP. sequences for polyadenylation and transcript 
ion termination,' and a selection gene. 
30 Suitable promoter sequences in yeast vectors include the promoters for the glycolytic enzymes such as 
enolase. 3-phosphoglycerate kinase, glyceraldehyde-3-phosphate dehydrogenase, hexokinase. pyruvate 
decarboxylase, phosphofructokinase. glucose-6-phosphate isomerase. 3-phosphoglycerate mutase. pyruvate 
kinase, triosephosphate isomerase, phosphogiucose isomerase. and glucokinase. 

Other yeast promoters, which have the additional advantage of transcription controlled by growth 
35 conditions are the promoter regions for alcohol dehydrogenase 1 or 2, isocytochrome C. acid phosphatase, 
as well as enzymes responsible for maltose and galactose utilization. 

Higher eukaryotic cell cultures may be used, whether from vertebrate or invertebrate cells, including 
insects, and the procedures of propagation thereof are known. See. for example. Tissue Culture . Academic 
Press. Kruse and Patterson, editors (1973). 
40 Suitable host cells for expressing BMP in higher eukaryotes include: monkey kidney CVI fine trans- 
formed by SV40 (COS-7, ATCC CRL 1651); baby hamster kidney cells (BHK. ATCC CRL 10); Chinese 
• hamster ovary-ceils-DHFR (described by Urlaub and Chasin, PNAS (USA) 77 : 4216 (1980)); mouse Sertoli 
cells (TM4, Mather, J.P., Biol. Reprod. 23 : 243-251 (1980)); monkey kidney cells (CVI ATCC CCL 70); 
African green monkey kidney cells (VERO-76. ATCC CRL-1587); human cervical carcinoma cells (HELA; 
45 ATCC CCL 2): canine kidney cells (MDCK, ATCC CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 
1442); human lung cells (W138. ATCC CCL 75); human liver cells (Hep G2, HB 8065); mouse mammary 
tumor (MMT 060652. ATCC CCL 51 ); rat hepatoma cells (HTC, M1 . 54, Baumann, M., et al . J. Ceil BjoL 85 
* 1-8 (1980)) and TRI cells (Mather. J.P., et al ., Annals N.Y. Acad. So. 383 : 44-68 (1982)). Commonly used 
promoters are derived from polyoma, adenovirus 2, and simian virus 40 (SV40). It will be appreciated that 
so when expressed in mammalian tissue, the recombinant BMP\may have higher molecular weight due to 
glycosylate. It is therefore intended that partially or completely glycosylated forms of BMP having 
molecular weights greater than 19KD are within the scope of this invention as well as its unglycosylated 

forms. _ 

A number of procaryotic expression vectors are known in the art See. e.g.. U.S. Patent nos. 
55 4440859' 4.436,815; 4.431.740; 4,431.739; 4.428.941; 4.425.437; 4.418.149; 4.411.994; 4,366.246; 
4,342.832! see also U.K. Pub. Nos. GB 2.121.054; 6B 2.008.123; CB 2.007,675; and European Pub. No. 
103.395. PreTerredprocaryotic expression systems are in E . coh . 

Other preferred expression vectors are those for use in eucaryotic systems. An exemplary eucaryotic 
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expression system is that emp.oying vaccinia virus, which is well-known in the a* .See.e_ 

< 19841 J Virol 49 857- "ONA Cloning." Vol. II. pp. 191-21 1. supra : PCT Pub. No. WO 86/07593 Yeast 
• ( ' 984) i 1112! ' _ , . ■ „ % M . . m s PatenfNos 4 446.23S: 4.443.539: 4.430.428: see 
expression vectors are known in the art. See. e.g.. U.b. latent inos. °. . 

also European Pub. Nos. 103.409: 100.561: 96.491. Another preferred expression system ,s vector pHSl. 
wSh trSrrns Chinese hamster ovary eel,, See PCT Pub. No. WO 87,02062 Mamm* ^«JJ£J » 
cotransformed with ONA encoding a selectable marker such as d.hydrofo.ate reductase (OHFR) or 

thymidine kinase and ONA encoding BMP. H »iirii«i» in ohfr 

If wild type OHFR gene is employed, it is preferable to select a host cell wh,ch ,s deficient in OHFR. 
thus permitting the use of the OHFR coding sequence as marker for successf u. « 
medium which lacks hypoxanthine. glycine, and thymidine. An appropriate host cell ,n this case k the 
ChTnes^ hamster ovary (CHO) cel. line deficient in OHFR activity, prepared and propagated as described by 
Sib a^d Chasin. 1980. Proa Nat Acad. Sci . (USA) 77 : 4216. Expression vectors ^nved^om 
baculovirus tor use in inseTTc-eliTlreH^w-and available in the art. See Lucklow and Summers. 

5!2l SS1-n , ie 7 ;x 5 p;ession system and host selected. BMP is produced by ^££5 
transfonned by an exogenous or heterologous ONA construct such as an expression vector described 
iZT^erLmo^e^y the BMP protein is expressed. The BMP is then ,so ated from the host 
ceus and purified. If the expression system secretes BMP into growth media the ^ 
directly from cell-free media. If the BMP protein is not secreted, it is isolated from "ll^sates. The 
, selection of the appropriate growth conditions and recovery methods are within the skill of the art 

^r^TrL^ made BMP is recovered -from transformed cells in accordance ^J^J^ 
dures Preferably an expression vector will be used which provides lor secretion of BMP from the 
Tus me cells may be separated by centrifugaUon. The BMP typically ,s Mpunfied by 
general protein purification techniques, including, but not limited to. size exclusion, exchange 

25 rSESS^^ip ^n prepared or isolated, it can be cloned IW-J 
vector and thereby maintained in a composition of cells which is substantially free of 
. cfnL a BMP coding sequence ( e . g .. free of other library clones,, ^-erous don,n^to« ^are £own 
to those of skill in the art Example! oT recombinant ONA vectors for dooms , and ™J**Zg§%™ 
30 transform include the various bacteriophage lambda vectors ( 6 coh * , P BR f^ R1 ^ Q ^ 
coB ). PKT230 (gram-negative bacteria). pGV1106 (gram-negative bactena). pLAFRI te«^2Sl2S 
Sfa PME290 (non-E . coli gram-negative bacteria). pHV14 ( E . coli and Baallus subflis) pBD9 (BaaHus) 
pTj61 Smy^es-). pOC6° (StrepTomyces). actinoohage. *31 ^^J^uS^SS^ 
YCp19 (Saccharomyces). and bovine papilloma virus (mammalian cells). See generally . ONA Cloning. Vols. 
■k I & II suora • T Maniatis et a) supra ; B. Perbal, supra . - 

Actively the BMP rnay^Tnade by con^onal peptide synthesis, for instance by -u*ng £ 
prindpL of the MerrifieW synthesis and using commercial automatic apparatus ^J""^^ 
methods of the Merrifield synthesis. Peptides prepared using conventual peptide synthesis may be 
purified using conventional affinity chromatography, gel filtration and/or RPjHPLC- satuience 
„ Figure 3 shows the nucleotide sequence of bovine BMP cONA and the deduced ^j? "^5?^ sequence 
or the precursor polypeptide. The putative signa. peptidase cleavage site ,s noted OV^e cONA sequence 
was obtained frorna 830 bp Bgl II insert of bovine BMP cDNA clone #1 . which was isolated from a calf liver 

CD "^r^^> sequence of hum. BMP cONA and the deduced am.c ,add = 
4 S of the orecursor polypeptide. The putative signal peptidase cleavage site is noted (I). The cONA sequence 

waf obSTom a'Sobp BamHL/Hind... insert of human BMP cONA clone A6. which was isolated from a 

BMP/PCR human kidney cONA library, as described below. 

It is further intended from- the nucleotides sequences in Figures 3 and 5 that BMP «*£ are wUh 

the scope of the present invention. Analogs, such as fragments, may be produced f ™*™&-^£™ 
so digestion of BMP Other analogs, such as muteins. can be produced by standard ^'^^^ 

of BMP coding sequences. Analogs exhibiting "BMP activity- may be identified by the g , y*o in vjtro 

assays, preferably the cartilage inducing assay. Methods of Enzymology.l46.PP 294-3 ^ <"™\ n 
An example of a BMP ana.og are the yeast cleavage products produce. MM engt 

bovine or human expression product The processing of the bov.ne expre s.on ^.^J^, tQ 
S5 roughly 16KO polypeptides, described in Example 9 below, and one or both of these analogs are referreo 

Ue T^:r^^^^ BMP can be prepared synthetical 

The ONA sequence can be designed with the appropriate codons for the BMP ammo acid sequence. 
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•i thP seauence will be used tor expression. ( 
general, one wil. select preferred codons »or the intended host a th Q by me(hods 

The complete sequence is assembled from over.app.ng ^^^{^ 292 :7 56: Nambair. e_t al 

and assembled into a complete coding sequence^ > £■ i \ 

. (1984) Science 223 :1299: Jay el al . (1984) J. BjoL Chem * wi „ express BMP analogs or 

1 Synthitic-ONA-sequences alibw consent -"J^Jf^dtact- mutagenesis of native BMP 
-muteins-. Alternatively. DNA encoding mutems can be made by s • thesis . 
genes or cDNAs. and muteins can be ^J'^^ZTZ^ ^nucleotide complementary to a 
Site-directed mutagenesis is conducted usin a pnmjr ^J^-chlng. presenting the desired 
sing.e stranded phage ONA to be mutagen,*** "^^f^ t0 dir 9 ec t synthesis of a strand 
mutation. Briefly, the synthetic oBoomicleotKto is . ^ a ; ^ ONA is transformed into a phage- 

i form: 50% will have the original sequence The ^resulting ££^JJ y wWch tne misma tches with 
primer at a temperature which ^J^!^^S^ hybridize with the.probe are then 
the original strand are sufficient to prevent hybndization. naq 

picked, cultured, and the DNA recovered. jnt(J proteins is described in 

A general method for ^^^^^^^^^ ^^^^c^GrWfith. Peter C. Schultz. (April 1989). Science. ■ 
o Christopher J. Noren. Spencer J. rfoqs ^th unnatural amino acids. 

Vol 244. pp 182-188. This method may be used £^J^ V0 according to the method described by 
Preparations of BMP and its ^<^JZ?% eds.). vol. 146. pp. 294-312. Academ.c 
im.M^t^M^Bs^^^^^^^^o,^ .. ,83:180-187 (1984) as. 

•"t^ally pure BMP. higher mo,. -J*^^ ^ttXZS? ( 

acid addition salts or metal complexes. e.g. ; w* anc. ''^ j^lts U hydrochloride, hydrobromide. 

purposes of this application). Illustrative of such «d ad^ton ^ salts ^ ^ ^ fike 

sulphate, phosphate, maleate. a^. < ^ b !^^ttS tablet may contain a binder, such as 
»• U L active ingredient is to be ^™^" i alginic add: and a lubricant.. such as 

tragacanth. com starch or .gelatin: a *^^^J (iig and/or flavoring may be used. 

magnesium stearate. If administration « ^'^^^^^Jor the like may be affected 
' and intravenous administration in isotonic ^J^TXSi "amount of BMP in conjunction with a 
Pharmaceutical compositions vm usually contan an •J** 9 ^ d ding upo n the specific 

«, convention* P^^^^lSere. ™L dX^veTIn thfrange of about 0.1 ug to 
purpose for which the protein is being admtnistered. ana oosag 

about 100 milligrams per Kg. of body ^,^^ ation of B CF. particularly human or bovine, with 

The present invention further ^f^^^Z^ ,„ vitro and in vivo. 
BMP as a therapeutic composition for m.tatir jl ^'^"^ osteoinductive associated factors 
« implants of recombinant BMP. alone orv^e„rmxed wjh ^one orm ^ ^^on 
may be used to initiate cartilage and ^J^^^branes. natural or synthetic, which are 
encapsulated, for instance, in *«on~ar ^JT^^ JTSln. or any other mammalian form or 
absorbable by the host subject The BMP may bee.th^ hurn^ bo Qf Qne Qf more other 

mixtures thereof. To initiate bone ^J^£££S Sn bone. Such mixtures may initiate 

• s£ L:r by° zsz - «. - * — — * - - 9rowth 

BMP in sufficient quantity and at a h.gh ?°Z*£^^^ of probes to aid in the isolation of 
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test lor identifying subjects having detective BMP-genes. 

Specific anti-sera or monoclonal antibodies (described below) can be made to a synthetic BMP pept.de 
having the sequence or fragments of the sequence of amino acid residues, such as those shown .n F.gures 
3 or 5. Examples are the tryptic fragments shown in FIG. 1. and antibodies thereto can be used to 
immunoprecipitate any BMP present in a selected tissue, cell extract, or body fluid. Pur.f.ed BMP from th>s 
source can then be sequenced and used as a basis for designing specific probes as descnbed above. 
Antibodies to other regions that diverge from known BMP can also be used. Also useful as ant.gens are 
purified native or recombinant BMP. 

Native recombinant or synthetic BMP peptides (full length or subunits) can be used to produce both 
polyclonal and monoclonal antibodies. If polyclonal antibodies are deseed, purified BMP pept.de .s used to 
immunize a selected mammal (e.g.. mouse, rabbit, goat, horse, etc.) and serum from the immunized 
animal later collected and treated according to known procedures. Compositions conta.n.ng polyclonal 
antibodies to a variety of antigens in addition to BMP can be made substantially free of ant.bod.es wh.ch 
are not anti-BMP by immunoaffinity chromatography. 

Monoclonal anti-BMP antibodies can also be readily produced by one skilled in the art from the 
disclosure herein. The general methodology tor making monoclonal antibodies by hybndomas is well 
known. Immortal, antibody-producing cell lines can also be created by techniques other than fus.on. such as 
direct transformation of B lymphocytes with oncogenic DNA. or transfection with Epstein-Barr v.rus. See. e . 
g M Schreier et al .. "Hybridoma Techniques" (1980); Hammerling et al "Monoclonal Antibod.es And T- 
cel'l Hybndomas" 0981): Kennett et a! .. "Monoclonal Antibodies" (1980): see also U.S. Patent Nos. 
4 341 761- 4399 121: 4.427.783: 4.444.887; 4.451.570: 4.466.917; 4.472.500: 4.491.632; 4.493.890. 

Panels of monoclonal antibodies produced against BMP peptides can be screened for vanous 
properties; i.e.. isotype. epitope, affinity, etc. Of particular interest are monoclonal antibod.es that 
neutralize the activity of BMP. Such monoclonals can be readily identified in BMP activity assays. H.gh 
affinity antibodies are also useful in immunoaffinity purification of native or recombinant BMP. 

Antibodies to BMP (both polyclonal and monoclonal) forms described herein may be used to inhibit or 
to reverse various clinical indications of bone disease such as osteoporosis, osteoarthritis, etc. One 
therapeutic approach would be to treat the patient with an effective dose of anti-BMP antibodies through a 
conventional intravenous route. BMP antagonists or agonists, such as BMP muteins. could also be used .n 
place of antibodies. These anti-BMP compositions may also be useful in dectectjng or .nh.bit.ng vanous 
forms of tumors, since some tumors are known to be induced by growth factors. 

The determination of the appropriate treatment regimen (i.e.. dosage, frequency of adm.nistrat.on. 
systemic vs. local, etc.) is within the skill of the art. For administration, the antibodies will be formulated in a 
unit dosage injectable form (solution, suspension, emulsion, etc.) in association with a pharmaceutical*/ 
acceptable parenteral vehicle. Such vehicles are usually nontoxic and nontherapeutic: Examples of such 
vehicles are water, saline. Ringer's solution, dextrose solution, and Hank's solution. Nonaqueous veh.cles 
such as fixed oils and ethyl oleate may also be used. A preferred vehicle is 5% (w/w) human albumin in 
saline The vehicle may contain minor amounts of additives, such as substances that enhance isoton.aty 
and chemical stability, e.g. buffers and preservatives. The antibody is typically formulated in such 
vehicles at concentrations of about 1 iig/ml to 10 mg/ml. 

Anti-BMP antibodies will also be useful in diagnostic applications. The present invention contemplates a 
method, particularly a diagnostic method, in which a sample from a human (or other mammal) is P rov, aeo- 
and the amount of BMP is quantitatively measured in an assay. For example, employing anti-BMP 
antibodies in a quantitative immunoassay could be used to detect genetic deficiency in BMP. Antibody 
specific for BMP could be formulated into any conventional immunoassay format; e.g.. homogeneous or 
heterogeneous, radioimmunoassay or EUSA. The various formats are well known to those skilled in the art 
See. e.g.. "Immunoassay" A Practical Guide" (O.W. Chan and M.T. Peristein eds. 1987) the disclosure of 
whichls incorporated herein by reference. . " ...... 

In general, production of recombinant BMP can provide compositions of that polypeptide substantially 
free of contaminating proteins. The ability to obtain high levels of purity is a result of recombinant 
expression systems which can produce BMP in substantial quantities vis-a-vis in vivo sources -™ u =' Dy 
applying conventional techniques to recombinant cultures. BMP compositions can be produced that are 
substantially more pure than the compositions available from bone sources. 

Purified BMP will be particularly useful as a tool in the design and screening of cartilage or bone growth 
inhibitors. First, milligram amounts of the material are obtainable according to the present invention. 
Milligram amounts are capable of crystallization to permit three dimensional studies using X-ray diffraction 
and computer analysis. This may permit deduction concerning the shape of the molecule thus defining 
proper shapes for substances usable as inhibitors of the activity normally exhibited by BMP. Generally. 
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antagonists have been peptides whose interactions with an a polypeptide, the activity of which is inhibited, 
are stabilized by modification of the "residues" participating in the peptide bond so as to enhance the 
ability of the peptide to interact specifically with, the enzyme, receptor, or co-factor, such as osteoinductive 
associated factors in the case of BMP. Thus the peptide bond joins specifically chosen carboxylic acids and 
5 amines (not necessarily amino acids). These peptides are configured in a three dimensional array so as to 
complement the contours of the intended target. A similar lock and key spatial arrangement may result from 
molecules designed complementary to the surface contours of the BMP of the invention. It is understood 
that "surface" includes convolutions which may face inward, and specifically includes the active site. 
Furthermore, "complementary * is understood to mean that, in addition to spatial conformations which "fit". 
to interactions between the protein and the molecule which matches its surface contours are attractive and 
positive. These interactions may be hydrogen bonding, ionic or hydrophobic affinity. 

Accordingly, the invention contemplates peptide antagonists and agonists (2-15 amino acids) to BMP 
which are characterized by three dimensional contours complementary to the three dimensional contours on 
the surface of recombinant BMP. By peptide in this context is meant that the antagonist or agonist contains 
is carboxylic acid amide bonds. The carboxylic acid and amine participants need not be a-amino acids. 

Second, even without the assistance of a three dimensional structure determination, purified BMP of the 
invention is useful as a reagent in screening BMP inhibitors in vitro as an ad hoc approach to evaluation. 
Impure BMP preparations currently available yield confusing~data due to impurities. For example, con- 
taminants which turn out to be themselves inhibitors, activators, or substrates for BMP may interfere with 
20 the evaluation. Thus, a substantial improvement in current screening techniques for BMP agonists and 
antagonists would be effected by the availability of the purified BMP protein. 

It will be understood that this description and disclosure of the invention is intended to cover all 
changes and modifications of the invention which are within the spirit and scope of the invention, tt is within 
the knowledge of the art to insert, delete or substitute amino acids within the amino acid sequence of a 
25 BMP without substantially affecting the calcification and bone growth inducing activity of the molecule. 
Thus, the invention includes such deletions, additions or substitutions. Furthermore, it is recognized that one 
skilled in the art could recombinantly produce such modified proteins. 

* The following examples are provided by way of illustration but are not intended to limit the invention in 
any way. 

30 

EXAMPLE 1 



35 

Purification of BMP From Bone 



The BMP proteins of interest partially purified from human (17KO) and bovine (19KD) sources as 

40 described by Urist et al ., Proc. Nat Acad. ScL USA , e» , 371-375 (1984), were further purified to 
homogeneity by preparative gel electrophoresis and electroelution (M.N. Hunkapiller, E. Lujan, F. Ostrander 
and LE. Hood. Methods in Enzymology , : 227-236 (1983)). This purification showed that the initial 
partially purified samples contained, in addition to the 19KO BMP. other mammalian proteins at 34KD. 
22KD, 14KD and 6KO. After precipitation with acetone (W. H. Konigsberg and L Henderson, Methods in 

45 Enzymology , 91 : 254-259 (1983)) and quantitation by amino acid analysis (B.A. Bidtingmeyer. S.A. Cohen 
and T.L TarvirT Journal of Chromatography , 336 : 93-104 .(1984)), the material was reduced under 
denaturing conditions with "2-mercaptoethanol ancFcysteine residues were derivatized with 4-vinyl-pyridine 
(M. Friedman. LC. Krull and J.F. Cavins, Journal of Biological Chemistry . 245 : 3868-3871 (1970)). After 
exhaustive dialysis to remove the denaturant protein recovery was assessed by a repetition of amino acid 

so analysis. The proteins were digested with TPCK-trypsin in the presence Of 2M urea to generate unblocked 
peptide fragments suitable for sequence analysis (C. Allen, Sequencing of Proteins and Peptides . pages 
51-62 (1981). Elsevier/North Holland Publishing Company. Amsterdam, Holland), Products of the digestion 
were resolved by reverse-phase high performance liquid chromatography using gradients of acetonitrile or 
acetonitrile/isopropanol in aqueous trifluoroacetic acid (J.E. Shively. Methods of Protein Micrdcharac- 

55 terization , pages 41-87 (1986). Humana Press, Clifton. New Jersey). Peptide fractions were subjected to 
automated Edman degradation using an Applied Biosystems 470A protein sequencer (M.N. Hunkapiller. 
R.M. Hewick, NJ. Dreyer and L.E. Hood, Methods in Enzymology . 91^ : 399-413 (1983)). The phenyl- 
thiohydantoin amino acid derivatives were identified by chromatography on an Applied Biosystems 120A 
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PTH analyzer (M.W. HunkapiHer. Applied Biosystems . User Bul.etin Number 14 (1985). Applied 
8iosystems. Foster City. California). 



EXAMPLE 2 



RNA Isolation and Probe Synthesis 



jo 



Cell culture. 



15 



293. an embryonic human kidney cell .ine obtained from the American Type G*«9*J^^ 
No. CRL 1573) was cultured in Dulbecco's modified Eagle's medium conta.n,ng 10% fetal calf serum. 100 
U/ml penicillin and 100 ug/ml streptomycin at 37 C in 5% C0 2 . 



20 RNA isolation. 



RNA was isolated from calf liver (obtained from JR Scientific. Woodland. CA) by the guanidinium 
thiocTa^ T. Fritsch. E.F. and Sambrook. J. (1982, Molecular (frggA Agpr* 

to^Manua. (Cold Spring Harbor Ub.. Cold Soring Harbor. ^ M ^ f 1^^SS7S^ 
2 S Se^uyCa. Rosenblum. OS. and Cantor. H. (1983) Proc. NatL Acad. Scu USA 80 s ««*«*f^^ 
RNA was purified by a single fractionaUon over o.igo(dTKellu.ose ,T ■^ Q ^^°° k ' 
J. (1982) Molecular Cloning: a Laboratory Manual (Cold Spring Harbor Lab.. Cold Spnng Harbor. NY)). 

30 Oligonucleotide synthesis. 

Ofigonucleotide adapters, primers and probes were synthesized by **^sp^^n^"to™ 
Applied Biosystems (Foster City. CA) model 380A synthesizer, punfied by polyaoylam.de gel elec 
trophoresis and desalted on a Waters SEP-PAK (Ci«) cartndge. 
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(a) Adapters. 

A 14-mer oliqonudeotide (5 CCTGTAGATCTCCG 3') and a 18-mer oligonucleotide (5 AATTCG- 

O^^SSSSC: synthesized and used as the ^^^.f^^^TS^ 
in lambda ZAPII. The 14-mer was phosphorylated (Maniatis. T. Fntsch E.F. and S*nb«ok ^J. (1982^ 
Molecular Coning: a Laboratory Manual (Cold Spring Harbor Lab. Cold Spnng Harbor. NY)) and »b» 
^nWheitid^9S -WlTrninTtoTnactivate polynucleotide kinase, pnor to anneaUng w,th the 18-mer. 
Tese aimmewcally phosphorylated adapters ateo contain an interna. Bg... restncton enzyme s,te. 

(b) PCR primers. 

Two 47-mer oligonucleotides were synthesized for PCR amplification of the ^^^^ ? 
human BMP cONA from kidney cel. line 293 mRNA ^ s "^r^^^^^^ 

sense primer (5 TCCGGACTCGAGGAATTC AAACMTCATGATTTCCAGAATGGA^^G ? ^ 
tisense primer (5 GACTCGAGGAATTCGTCGACACCTCAAGGCCGTTACTCAAA 6TCAGT 3 * e ° 
the sequence of the human gene exons 1 and 7. respectively. Both primers have 5 extens.ons (adapters) 
that contain several restriction enzyme sites. h/w ; nft and human BMP 

Two additional sets of PCR primers/adapters were synthes.zed for Tf^.^^citainino. 
cONA clones (encoding only the mature protein) and subsequent don.ng ,n«o pABlML. rp*j* «*« J? 
the yeast a-factor leader sequence. The 5 sense pnmer (42-mer) for the human .BMP cDNA b 
ACtIcTGGT CTAGATAAAAGATTCCCAGTGTACGACTACGAT 3) and the 5 sense pnmer (4, mer) 
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the bovine BMP cDNA (5 GGAACCCTCTCTAGATAAAAGATTCCCGGTGTATGACTATG 3 ) contam an Xbal 

site to facilitate ligation of the PCR amplify cONA to the c-factor leader o se ^ e "" A ^^' Se ;.f a ^7I 

(37-mer) (or the human BMP cONA (S ^^^Y^»rftr^AAA<^T(^r(M^ 
3' antisense primer (41-mer) for the bovine BMP cDNA (5 AATGGCCGTCGACTATCACTCAAAGCCAGGG- 

TTTACTCTTG 3*) contain a Sail site directly alter the stop codon. 



(c) Probes. 



10 
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20 
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Oligonucleotide probes, based on the tryptic peptide sequences of bovine BMP. were synthes.zed for 
screening the bovine genomic library (Probes A-O) and are shown in Figure 1. The actual probes are 
complementary to the sequences shown. The sequences of four additional BMP trypfc pept.des were 
determined (E-H) and are also shown in Fig. 1. With some codons. two nucleotides were .ncluded at 
degenerate positions to increase the probability of a correct guess. At serine residues, two separate 
oligonucleotides for each probe (differing only at the serine codon) had to be synthesized due to the 
sunique'hature of the serine codon degeneracy. 

Two partially overlapping 50-mer oligonucleotides, based on the bovine BMP exon 3 sequence were 
synthesized for screening the calf liver cONA library (Probe I) and are shown in F.g. 2a (underlined). Four 
ofigonucleotide probes were synthesized to identify exons 1. S. 6. and 7 of the human BMP gene (see 
TaL 1). Probe BMP103 (5 CCAGTGGTTCATTCCAAGGA CAAATATCACCMCATCTTCATCGC^ATCT- 
TCTCCAT 3) is a S7-mer complementary to bovine BMP exon 1 coding sequences. Probe BMP104 (5 
TCACTCAAAGCCAGGGTTTACTCTTGCTCTGGGCC ACGGGTTCGAGTACCTTCTATT ,3 ) « i also a 57-mer 
complementary to bovine BMP exon 7 coding sequences. BMP 116 (5 GAGACCAAATA- 
GATAATTGTTTCTCCATTTATGAGATCC 3) is a 39-mer complementary to human BMP exon 5 coding 
sequences. BMP 117 (5 CAAGTGACCGATCATAAAA TTGTTCACTTATGGACTCGTCTGAAATGAGA 3 ) is 
a 51-mer complementary to human BMP exon 6 coding sequences. A 26-mer oligonucleotide (5 TACTCC- 
CTCTGGAAGGCACATGTAGC 3) complementary to human BMP exon 3 coding sequences (Probe J) was 
synthesized for screening the human BMP/PCR cDNA library. 



30 



EXAMPLE 3 



as Construction and Screening of cDNA Libraries. 



Construction of the cONA libraries. 

« (a) Calf liver cONA library. First strand cDNA was synthesized from calf liver. poly(A)* "NAustoB 
conditions similar to Okayama and Berg (Okayama. H. and Berg. P. Molec. and Cell Biol 3 *°*"*» 
(1983)1 About S ug of poly(A)' RNA in 20 ul 5 mM Tris-hydrochlorido (pH 7.5) was heated to 65 C for 3 
min.. then quick cooled on wet ice and immediately adjusted (at room temperature) to contain i MmMT* 
hydrochloride (pH &3 at 42 C). 8 mM MgCfe 30 mM KCI. 10 mM dithiothreitol, 2 mM each of rJATP. dGTP. 

45 dTTP and [a-»P]dCTP(-300cpm/pmol). 60 U RNasin. and 2.5 ug of ofigo (dT)„-,. (total volume 40 ml). 
The reaction was initiated by the addition of 50-60 U of cloned moloney murine leukemia virus reverse 
transcriptase and continued for 60 min. at 42* C. The second cONA strand was synthesized by the method 
of Gubler and Hoffman (Gubler. U. and Hoffman. B.J. Gene 25 {263-269 (1983)] « modified by^ Aruffo and 
Seed [Aruffo. A. and Seed. B. Proc. Natl. Acad. ScL USA7T:8573-8S77 (1987)]. The ds cONA was then 

so ligated to asymmetrically <hemTp*o!phb?ylated EcoRI adapters (see oligonucleotide sy nthesis ) as > de 
scribed by Aruffo and Seed, supra . phosphorylated with T t polynucleotide kinase (Man.aUs. et al .. su^ ) 
adjusted to 0.5 M NaCI. 25^M-E0TA and heated at 75* C for- 15 min. to inactwate the P°'V"f ^ 
kinase The ds cDNA was separated from unligated adapters by chromatography on B.ogel A-15 m and 
recovered by ethane, precipitation. cONA was ligated to EcoR.-cut lambda ZAP.I (Stratagene) w-th T. ONA 
55 ligase (New England Biolabs) as described by supplier, but included 15% polyethylene glycol (PEG) 8000 
(Sioma) a modification described by Pheiffer and Zimmerman [Pheiffer. B.H. and Zimmerman. S.B. Much 
Acids Res 11 7853-7871 (1983)]. The ligated ONA was recovered by centrilugation (12.000 xg). washed 
^rTchioTSform. dried, resuspended in 4 ul water and incubated with an in vitro packag.ng extract 
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(Stratagene) according to supplier. Recombinant phage was propagated in E . coli XU-Biue (Stratagene). 

(b) BMP primed-PCR amplified (BMP/PCR) human kidney cONA library. The PCR reactions were 
perlormed as described by the suppliers of the PCR kit (Perkin/Elmer/Cetus). Two synthetic 47-mer 
oligonucleotide primers whose sequences were derived from exon 1 {sense primer) and 7 (antisense 

5 primer) of the human BMP gene and contained restriction site adapters suitable for cloning were used at a 
final concentration of 1 uM each. The PCR primers flank the complete coding region of hBMP mRNA. The 
template cDNA was synthesized from 2.5 ug of embryonic human kidney cell line 293 poly(A) RNA. The 
conditions of cONA synthesis were identical to the above (Part A) except that the reaction volume was 20 
ul. The cDNA was fractionated on Biogel A-15m. also as above, recovered by ethanol precipitation and 

io resuspended in 100 ul of sterile water. 1-10 ul of cONA template were used for each PCR reaction. 40 
cycles of PCR were performed in a Perkin/Elmer/Cetus ONA thermal cycler. Each cycle consisted of a 
94 *C. 1 min. denaturation step, a 55* C. 2 min. annealing step and a 72 *C. 3 min. extension step. The 
extension step in cycle 40 was 15 min. instead of 3 min. Samples were extracted once with phenol/ 
chloroform/IAA (1:1:0.04) once with chloroform/IAA (24:1). recovered by ethanol precipitation, digested with 

is EcoRI and fractionated by electrophoresis on a 7% acrylamide. 1x TBE gel. ON A migrating between 400- 
800 b.p. was excised from the gel. purified by passage over an Elutip-d column, ligated to Eco-RI cut 
lambda ZAPII, packaged and propagated as above (Part A). 

20 Screening of the libraries. 



(a) Bovine genomic library. Approximately 10 € recombinant phage from a bovine genomic library 
(Clontech) were plated (20.000 phage/137 mm dia plate) in E . coli LE392. and grown for 5-6 hours at* 
37 *C. The phage were transferred onto nitorcellutose filters (Millipore, HATF137) processed according to 

25 Benton and Davis (8) and screened with probe A (Fig. 1). The probes were end-labeled with T 4 
polynucleotide kinase and ( m -P) ATP (1) to a specific activity of 1-2 x 10 s cmp/ug. The filters* were 
prehybridized for 1-2 h at 37* C in 5x SSC (1x SSC = 0.15 M sodium chloride/0. 015 M sodium citrate. pH 
7). 5x Denhardfs solution (1x Denhardt's solution = 0.02% polyvinylpyrrolidone/0.02% Ficolt/0.02% bovine 
serum albumin). 10% dextran sulfate. 50 mM sodium phosphate pH 6.8. 1 mM sodium pyrophosphate. 

so 0.1% NaOodSOi and 50 tig/ml denatured salmon sperm DNA. Labeled probe was added to a concentration 
of 10 s cpm/ml and hybridization was continued overnight at 37 "C with gentle shaking. The filters were 
washed in 2xSSC. 0.1% NaDodSO* at 55* C. and exposed to Kodak XAR-2 film with a DuPont Lightning 
Plus intensifying screen overnight at -80* C. After development, the probe was removed from the filters by 
washing in O.lxSSC. 0.1% NaDodSO* at 65* C. One set of filters was then hybridized with probe B (Fig. 1) 

35 and washed and exposed as above. Areas of plaques giving signals with probes A and B were picked, 
replated, transferred onto nitrocellulose in quadruplicate, amplified according to Woo (21) and screened with 
probes A-D (Fig. 1) (one probe per filter). Filters were washed and exposed to film as above. A plaque 
giving signals with three (A-C) of the four probes was purified by an additional round of plating and 
screening. 

40 (b) Calf fiver cONA library. Approximately 192.000 recombinant phage were plated (16.000 phage/137 
mm dia plate) in E . coli XLI-Blue, processed as above and screened with E . coli probe I (Rg. 2a). The 
probe was labeled~withONA polymerase I (Klenow fragment) and (a^-PHj CTP (9) to a specific activity of 
2 x 10 5 cpm/ug. The filters were screened as above (a) but with the following changes. (1) The 
hybridization solution contained 40% formamide and (2) the filters were washed in 2xSSC. 0.1% NaOodSO* 

4S at65*C. 

(c) Human genomic library. Approximately 10 6 recombinant phage from a human genomic library 
(Stratagene) were plated (50.000 phage/plate) in E . coli LE392, processed and screened with the 780 bp 
Bglll insert of bBMP cDNA#1 (Fig. 3). The probe"waslabeled (9) and the filters were hybridized as above 
(see calf liver cDNA library). The filters were washed in 2xSSC, 0.1% NaOodSO* at 60*,C. Positive plaques 

so were purified by replating and rescreening. 1 

(d) (BMP/PCR) human kidney cONA library. Approximately 10od recombinant phage were plated (500 
mm dia plate) in E . coli XL1 Blue, processed, hybridized with probe J (Fig. 4b. underlined) and washed as 
in (a). Positive plaqueTwere purified by replating and rescreening. 

55 

EXAMPLE 4 
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Plasmid and Phage DNA Isolation, Subcloning, Sequencing and Analysis 



Plasmid DNA was isolated by the alkaline lysis method (Maniatis. et al supra ) and lambda DNA was 
isolated by a phage miniprep procedure described by Jones and Rawls, [Jones, K.W. and Rawls. J.M 
Genetics 120 :733-742 (1988)]. 

Bluescript SK(-) plasmids containing BMP cDNA were released from lambda ZAP by the M13 
rescue/excision protocol described by the supplier (Stratagene). BMP gene fragments were released from 
the EMBL3 lambda vector by sail or other appropriate restriction enzyme digestions (see Fig. 2 and Table 
1). BMP cDNA inserts were excised from the Bluescript SK(-) vector by a Bglll (bBMP cDNA) or a 
BamHI/Hindlll (hBMP cDNA) digestion. The DNA fragments were purified by polyacrylamide or agarose gel 
electrophoresis (Maniatis. et al .. supra ) and passage over an Elutip-d column (Schleicher and Schuell) and 
were then subcloned into pUC 19 or M13 sequencing vectors [Yamisch-Perron. C.. Vieira, J. and Messing. 
J., Gene 33 : 103- 11 9 (1985)]. ON A sequencing was performed by the dideoxy chain termination method 
(Sanger. F., Nicklen, S. and Coulson. A.R., Proc. NatJ. Acad. Set USA 74 :5463-67 (1977)) using M13 
primers as well as specific internal primers. Ambiguous regions weTe resolved using 7-deaza-2- 
deoxyguanidine-triphosphate [Barr. P.J., Thayer. R.M.. Uybourn. P., Najarian, R.C.. Seela, F., and Tolan. 0., 
Biotechriiques 4 :428-32 (1986)] and sequenase (U.S. Biochemicals). 



Northern blot analysis. 



Poly (A) RNA was fractionated on a 1.4% agarose gel in the presence of formaldehyde (Lehrach, H.. 
Diamond. D.. Wozney. J.M. and Boedtker, H. t Biochemistry 16 :4743-5l (1977)] and directly transferred to 
nitrocellulose according to Thomas (Thomas, P., Proc. Natl. Acad. Sci. USA 7 7:5201-5 (1980)]. 

Filters were hybridized with probe I or bBMP cDNOl"l^washed~as~ previously described above in 
screening of the libraries, section B. 



Southern blot analysis. 

Genomic blots: 10 ug of human, bovine and mouse genomic DNA (Clontech) was digested with EcoRI. 
fractionated on a 0.7% agarose gel and transferred to nitrocellulose (Maniatis, et al ., supra ). Hybridization 
and washing were identical to those described under "Northern blot analysis."~Cione "and~PCR blots: DNA 
from genomic clones. cDNA clones or PGR reactions were digested with various restriction enzymes, 
fractionated on 1% agarose gels and transferred to nitrocellulose (Maniatis. et al ., supra ). 



EXAMPLE 5 



Expression of Bovine and Human BMPs in Yeast 



The PGR primers described in detail above were used to generate DNA sequences with Xba-1 and Sal- 
1 restriction sites for direct in-frame cloning into pABl25, a vector containing the a-factor leader (described 
in EPO Pub. No. 0 116 201. published 22 August 1984) sequence fused to the ADH2/GAPDH promoter 
(described in a copending U.S. Patent Application Ser. No. 760|197, filed 29 July 1985). The resulting 
promoter/leader/gene cassettes were excised with BamH1 and SalVi and cloned into the yeast expression 
vector PBS24.1. The plasmid PBS24.1 is a derivative a pBS24 which is described in copending U.S. Patent 
Application Ser. No. 138.894, filed 24 December 1987. The BamHI-Sall vector fragment of pBS24 was 
ligated to a 65 base pair human basic FGF BamHI-Sall fragment to create pBS24.1. This 65 base pair 
fragment will be replaced by the BamHI-Sall promoter/leader/BMP cassettes which are ligated into pBS24.1 
The resulting plasmids pBS24bBMP and pBS24hBMP were used to transform yeast strain AB110 with 
genotype Mata, ura3-52. leu2-04 or both leu2-3 and Ieu2-H2. pep4-3, his4-580, cir\ under leucine 
selection media, such as the synthetic complete media without leucine in Methods in Yeast Genetics . Cold 
Spring Harbor Laboratories, 1986. F. Sherman. G.R. Fink and J.B. Hicks. For inductioTToTexpression. cells 
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to 



were grown lor 48h the uracil deficient media below: 20 g Casamino Actds 

5 g Ammonium Sulfate 

l g Potassium Phosphate 

0.5g Magnesium Sulfate 

O.lg Sodium Chloride 

0.1g Calcium Chloride 

0.04ml Trace Elements Mixture 

41 1 2% Sodium Molybdate 

0.01 5g Vitamin Mix 

0.03 g Pantothenate 

0.03 g Inositol 

70 ml 50% Glucose 

q.s. to a 900ml and pH to 6.0 

q.s to 1000 ml 



is 

Trace Elements Mixture 

5 g Boric Acid 
20 0.4g Cupric Sulfate 

1 g Potassium Iodide 

2 g Ferric-Chloride i 

4 g Manganese Sulfate ■ tf 

2 g Sodium Molybdate : 
25 4 g Zinc Sulfate 

q.s. to 1000ml and sterilize by filtration. 

Vitamin Mix 

30 3 g Myo-lnositol 

3 g Thiamine 
3 g Pyridoxine 

3 g Calcium Pantothenate 
0.2g Biotin 
35 2 g p-Aminobenzoic Acid 

2 g Riboflavin 
0.2g Folic acid 

3 9 VeSt cells were removed from the culture media by centrifugation and the proteins in the supernatants 
40 analyzed after precipitation with 10% trichloroacetic add/deoxycholate (0.4 mg/ml). The pellets were 

washed with acetone and loaded onto 15% SOS-polyacrylamide gels together with appropriate controls. 
Proteins were visualized by Coomassie blue staining. A samples of S. cerevisiao strain AB110 containing 
P BS24.1bBMP or P BS24.1hBMP were deposited with the ATCC on 1 June 1989 under Accession Nos. 
20949 and 20950. 



45 



EXAMPLE 6 



50 



Recombinant Bovine BMP Purification 



55 



Medium was removed from yeast cells by centrifugation. and concentrated approximately ten ^.Jhe 
pH was adjusted to 4.5 and the concentrate diluted to a conductivity below 5 mS/cm. This was ^applied to 
Fast Flow S ion-exchange resin (Pharmacia) pre-equilibrated with 50 mM sodium acetate, 1 mM fcUiA. i 
mM PMSF (pH 4.5). The column was washed with one volume of the above buffer and eluted using a 0-1 M 
sodium chloride gradient in the above butter. The 19KO and 16KD proteins eluted at a conductivity of 5-25 
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mS/cm. as confirmed by SOS-PACE. The fractions containing predominantly the 19KD protein were pooled, 
adjusted to pH 7.5 and 4.5 M with respect to urea, concentrated, and applied to an S-100 sizing column in 
4M urea, 100 mM Tris/HCI. 1 mM EDTA, 1 mM PMSF (pH 7.5). Fractions containing 19KD and 16KO 
proteins were identified by SDS-PACE, pooled separately, concentrated and diaiyzed against water, prior to 
s lyophilization. 



EXAMPLE 7 

10 

ASSAY FOR BMP ACTIVITY 



is Samples of purified recombinant BMP were added to CMRL-1066 (G1BCO) culture medium containing 
fetal rat midbelly triceps brachii muscle fragments. Connective tissue outgrowths were cultured on a 
substratum of BMP-free matrix from the diaphyses of long bones of adult male Sprague-Dawley rats. This 
assay is detailed more fully by Kawamura and Urist Developmental Biology, 130 , 435-442 (1982). The 
inductive activity is measured by [ 3 H]thymidine incorporation into DNA. [^SJsulfate incorporation into 

20 glycosaminoglycans and confirmation of chondrogenesis (cartilage formation) by histology. Recombinant 
BMP was tested at concentrations of 200 ng/ml to 5 g/ml in the 2 ml culture system. The same level of 
positive results was observed with recombinant BMP as was previously noted with native BMP at equivalent 
concentrations. Higher pHJthymidine and p s Slsu!fate incorporation and new cartilage and chondrocytes 
were observed in the recombinant BMP induced cultures. No cartilage or chondrocytes were seen in control 

25 cultures without recombinant BMP. 



EXAMPLE 8 

30 

Isolation and Analysis of the BMP gene and cONA 



35 

I. The Bovine BMP gene. 

Probes A and B (Fig. 1) were used to isolate 1 strongly and 7 weakly hybridizing clones from 10 6 
recombinants of a bovine genomic library. The one strongly hybridizing clone (29-bg-3) was subjected to a 

40 second round of screening with probes A-D (Fig. 1). Three of the probes (A-C) hybridized to 29-bg-3. 
Southern blot analysis of purified 29-bg-3 DNA localized probes A and B to a 1.9kb EcoRI fragment and 
probe C to a 1.2kb EcoRI-Sall fragment Both fragments were sequenced and shown to contain regions, in 
the top reading frame, encoding their respective tryptic peptides (Fig. 2; boxed amino acids). Interestingly, 
tryptic peptide O was also present but was split between two exons, thus explaining the lack of hybridization 

4S with probe D. Intron-Exon boundaries conform to the GT-AG rule and are denoted by vertical lines. 
Additional bovine BMP exons were not isolated. Attempts were directed at isolating a bovine BMP cONA 
* clone using as a probe exon sequences derived from the bovine BMP gene. 



so II. The Bovine BMP cDNA \ 

Northern blot analysis of poly(A)* RNA from several bovine tissues using probe I revealed calf liver as a 
good source of bovine BMP mRNA (data not shown). Probe I was then used to isolate putative bovine BMP 
cDNA clones from a calf liver cONA library. Two clones (#1 and #7) were sequenced, and shown to contain 
ss identical overlapping sequences as well as the expected encoded tryptic peptides (A-D) (Fig. 3). The 
additional BMP tryptic peptides (E-H. Fig. 1) were also found encoded in the bovine BMP cONA. 
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til. The Human 8MP gene 

Northern blot analysis of poly (A)* RNA from several human tissues and cell lines, including liver, kidney 
and osteosarcoma, (using bovine BMP cDNA #1 as a probe) (ailed to detect human BMP. However, a 
5 Southern blot, performed under identical hybridization and wash conditions detected human BMP gene 
fragments (data not shown). 

Based on the Northern and Southern results, the following strategy was adopted to (1) clone and 
sequence the human BMP gene, then (2) identify a tissue source of human BMP mRNA by PCR 
amplification (using human BMP based primers: BMP/PCR cDNA) and Southern blot analysis of the 
w products 3) clone and isolate the PCR generated human BMP cONA. 

Bovine BMP cONA #1 was used as a probe to isolate 7 strongly and 5 weakly hybridizing clones from 
10 6 recombinants of a human genomic library. Southern blot analysis of purified ON A from 11 of the 12 
clones identified two hybridizing Hindlll fragments (1.7 kb and 2.0 kb) common to bee clones HC4, 5 and 9. 
The 1.7 kb and 2.0 kb Hindlll fragments from HG9 were sequenced and shown to have a 63.4% and 62.2% 
,5 amino acid homology to the bovine BMP exons shown on Figure 2A and 2B respectively. Table 1 
summarizes these results as well as the Southern blot results for the remaining human BMP exons. The 
sequence of the exon-containing region of each subclone is shown in Figure 4a-c. The 5 end of exon 1 
(Cap site) and the 3 end of exon 7 (poly(A)* addition site) are unknown. The intron/exon boundaries follow 
the GT-AG rule and are denoted by vertical lines. The DNA was translated in all three reading frames. The 
20 middle and top frames contain the correct amino acids for exons 1-6 and exon 7. respectively (boxed). 

IV. The Human BMP cONA 

25 Kidney (cell line. 293) was identified as a source of hBMP mRNA by PCR amplification and Southern 
blot analysis. 10 3 recombinants of a cONA library made from the hBMP/PCR cONA, were screened with 
probe J (human exon 3 probe) and 12 putative hBMP cDNA clones were isolated. Agarose gel elec- 
trophoresis following a BamHl/Hindlll digestion of the clones showed that each clone contained either a 
700bp or a 600bp cDNA insert ONA sequencing revealed that the 700bp species was te expected full 

30 length human BMP cDNA (Fig. 5) while the 600bp species was a truncated human BMP cDNA. missing 
exon 2 (not shown). This shorter cONA species most likely represents an aberrantly spliced, non-functional 
mRNA since a translational frameshift occurs at the newly formed exon 1/exon 3 junction resulting in a 
premature termination codon. 



35 



EXAMPLE 9 



40 



50 



Analysis of Human and Bovine BMPs Expressed in Yeast 

hBMP is expressed in yeast as a mixture of three approximately 17KO proteins, whereas bBMP is 
expressed as a mixture of 3 species with molecular weights of 19KD and a 16KD doublet The size 
heterogeneity is most probably a result of processing of each BMP by yeast encoded enzyme(s) dunng 
secretion. Amino-terminal amino acid sequencing of the bBMP mixture gave a single amino terminus (Phe). 
indicating that the processing occurs in the carboxyl region of the protein, yielding the 16KD yeast cleavage 
analogs. Several paired basic amino acid residues in this region are likely candidates as proteolysis sites 
during secretion. This observation, together with the fact that each BMP cONA encodes a putative protein 
product of molecular weight greater than 20kD. also underscores the possibility that BMP. in vivo . is the 
product of proteolytic processing from a larger precursor. 



55 
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TABLE 1 



5 


A Summary of the Southern Blot Results Identifying 
Human BMP Exon-Containing ON A from Genomic 
Clones. 




Exon 


Restriction 


Genomic 


Probe* 






Fragment 1 


Clone 2 




10 




Size 


Enzyme 








(kb) 










1 


0.6 


Pstl 


Hg 4 3 


BMP 103 




2 


0.6 


Pstl 


Hg 4 3 


hBMP cONA 




3 


1.7 


Hind 111 


HG 9 


bBMP cDNA 


15 


4 


2.0 


Hind III 


HG 9 


bBMP cDNA 




5 


0.4 


Bgl II 


HG 5 


BMP 116 




6 


3.0 


Bgl II 


HG S 3 


BMP 117 




7 


1.1 


Bgl II 


HG 5 


BMP 104 



1 Exon-containing DNA restriction fragment 

2 Genomic clone from which restriction fragment was derived. 

3 Exon 1 and 2 DNA's were obtained from a 7 kb Sal I fragment of HG 4 
subcloned into pUC 19. Both exons were found on the same Pst I fragment, 
but identified with different probes. Exon 6 was obtained from a 15kb Sal I 
insert of H 5 subcloned into pUC19. 

4 Probe used to identify exon-containing DNA restriction fragment Probes 
are described in "Oligonucleotide Synthesis" section of Materials and 
Methods. Hybridization and washing conditions are described under 
Example 3 in the "Screening of the libraries (c) human genomic library" 
section of the examples. 



as Claims 

1. A composition comprising mammalian bone morphogenetic protein (BMP) and analogs thereof substan- 
tially free of other osteoinductive associated factors. 

2. A composition according to claim 1, wherein said mammalian bone morphogenetic protein is human 
40 BMP. 

3. A composition according to claim 1. wherein said mammalian bone morphogenetic protein is bovine 
BMP. 

4. A composition according to claim 1 or 2, wherein the polypeptide comprises an amino acid sequence 
aai-aau2 as shown in Fig. 5 or a fragment thereof. 

45 5. A composition according to claim 1 or 3, wherein the polypeptide comprises an amino acid sequence 
aai-aauo as shown in Fig. 3 or a fragment thereof. 

6. A composition according to claim 5, wherein said polypeptide comprises of a 16KO yeast cleavage 
analog. 

7. An intron-free ONA sequence or its complement encoding a polypeptide comprising an amino acid 
so sequence of mammalian BMP and analogs thereof. \ 

8. An DNA sequence according to claim 7. wherein said DNA encodes human BMP. 

9. A DNA sequence according to claim 7. wherein said DNA encodes bovine BMP. 

10. A DNA sequence according to claim 7. wherein said polypeptide comprises the mammalian BMP signal 
sequence. 

55 11. A DNA sequence according to claim 7. wherein said polypeptide does not comprise the mammalian 
BMP signal sequence. 

12. A DNA sequence according to claim 7, wherein said polypeptide further comprises an N-terminal yeast 
alpha-factor signal sequence that provides for secretion in a yeast host. 
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13. A replicon comprising a DNA sequence according to claim 8. 

14. A vector comprising a DNA sequence according to claim 8. 

15. A cell comprising a replicon according to claim 13. 

16. A cell comprising a vector according to claim 14. 

s 17. A method of producing recombinant mammalian BMP or an analog thereof comprising: 

(a) providing a population of cells comprising a heterologous ONA sequence wherein said DNA 
sequence comprises (i) transcriptional and translations, control sequences funcUonal m sac ^ cells and („) 
a coding sequence under the control of said transcriptional and translations! sequences that encodes a 
polypeptide comprises mammalian BMP and analogs thereof; and 

,o (b) growing said population of cells under conditions whereby said polypeptide .s expressed. 

18. The method of claim 17. wherein said polypeptide is human BMP. 

19. The method of claim 17. wherein said polypeptide is bovine BMP. 

20. The method claim 17. wherein said population of cells are microorganisms. 

21. The method of claim 17, wherein said population of cells are yeast. 

T5 22. The method of claim 17. wherein said population of cells are E. coli . ^ fminufi of 

23. The method of claim 18. wherein said polypeptide comprises a s.gnal sequence at the N-terminus of 
said polypeptide, and said polypeptide is secreted from the said cells. 

24 The Method of claim 23. wherein said cells are yeast cell and said signal sequence is a yeast alpha- 

20 !TI m^ bone growth comprising the step of contacting bone tissue with an effective 

amount of a composition of mammalian BMP or an active analog thereof. 
26. A monoclonal antibody to a mammalian bone morphogenetic protein or analog thereof. 
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JJTaI/au leu asp clu asp ser leu thr 'ket asp leu clu phe arc 
$• 5S"a!1t ccc ctc cat cac cac tcc ctc acc atc cac etc CAC TTC cc J 

j T T 

5' CTC AAT CCC CTC CAT CAC CAC ACC CTC ACC ATC CAC CTC CAC TTC CC 3 

T T T 

SS TI SER* CLU ALA ASP PRO ALA TMR CtS ASP PHE CL» ARC 

5* CAC BE TCC CAC CCT CAC CCT CCC ACC TCC CAC TTC CAA CC 3' 

5' CAC ACC CAC CCT CAC CCT CCC ACC TCC CAC TTC CAA CC 3* 

T ■ T T C 

i 

liV 1 ^ ALA CLU CLN VAL CLK ASH VAL TRP YAL ARC 

5' ATC BE TCT CCT CAA CAA CTC CAA AAC CTC TCC CTC CC 3* 
C C C T 

5' ATC ACT CCT CAA CAA CTC CAA AAC CTC TCC CTC CC 3' 

C C C T 

PEPTIDE D 

CLY TYR HIS VAL PRO VAL ALA VAL CYS ARC 

PROBE D 

5 f CCC TAC CAC CTC CCT CTC CCT .CTC TCC AC J 

T f T C 

ADOITIOHAL TRYPTIC PEPTIDES 

PEPTIDE E 

CLY CLU PRO LEU TYR CLU PRO SER ACR 
PEPTIDE F 

CLU ALA LEU SER ALA SER VAL ALA LYS 

PEPTIDE C _ _ ^ 

VAL ASH SER CLU SER LEU SER PRO TYR 

AS^SER* TYR LEU LEU CLY LEU THR PRO ASP ARC 



" 5 5 
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Two BoVirw. art? € ^ n S 



ArgProLeuProLeuValPheLeuLys ya LAsnAl aLeuAspGl uAspSerLeuThrttct 
ThrProLeuAlaProCysPheSerGluG lyGlnArgProGlyArgGlyGinLeuAspHls 
AsnAlaProCysProLeuPhePheOP Ai gSerThrProTrpThrArgThrAlaOP Pro 

• AACGCCCCTTCCCCCTTG ITITT C TG AAC iTT^CffrrnY^ArfiATOArAGCTTgftCCA 

• TTGCGGGG AACGGGGAACAAAAAG ACTTC ^TTCCGGGACCTGCTCCTGTO^^ 

GlyLeuArgValGlnAspSerArgAapAspValGlnGluGlylleOP GlyArgProArg 
TrpThrAM SerSerGlyPheLysArgAi^ArgAlaGlyGlyAsnI^uA^^^P» 

ThrrvsAsDpheGlnArqBlvTvrHisVal ^alSerValGiyGlnArgProProAlaTrp 



HisLeuOP LeuProGluGlyieuProArgc lyGluCy sGlyAlaLysAlaThrS erLeu 
ProProValThrSerArgGlyAlaThrThrTx pOP ValTrpGlyLysGlyHlsGltxPro • 
CCACCTGTGACTTCCAGAGGGGCTACCAGGTC GTGAGTGTGGGCCAAAGGCCACCAGCCT • * * 
GGTGGACACTGAAGGTCTCCCCGATGGTGCAC CACTCACACCCCGTTTCCGGTGGTCGGA * • • 

^16. 2A 



Even 

3 



. I Mid*. D 

SerSerProPheLeuLeuF heGlxff^aTO^Igi^SerTlurValArsg^S 
GluI^uThrlleSerProPheProXTaArg^^ 
GlyAlaHisHisPhcSerPheSerf4rPit)TrpProPheAlaGluAlaProCysGlyCys 

* • • GGAGCTCACCATTTCTCCTTTTCCACXCCGTGGCCGTTTGCAGAAGCACCGTC 

• • • CCTCGAGTGGTAAAGAGGAAAAGGTdGGGCACOGGCAAACGTCTTCGTGGCACG 

AlaGluGlnValGlnAsnValTrpValAr^ ^ 
CysOiT~THrGlyAE^ H 
I^uI^iuAsnArgCysArgThrCysGlyPh^ 
CTGCTGAACAGGTGCAGAACGTGTGGGTTCGCTGCCA^ 

GACGACTTGTCCACGTCTTGCACACCCAAGCGACGGTGACCAGGAGGTCGAGACCCAGGT 

SerSexGluGldv'alCysThrGlyAla<^*^^ 
GlnGlaOP ArgtkyMat^sGlyGlylAuHisArgCy^ 
AlaJUaValLysAiJg^AlaArgGlyI*u^ 

GCAGCAGTGAAGAffiTATGCACGGGGGCTTGCAC^ • • 4 

CGTCGTCACTTCTQCATACGTGCCCCCGAACGTGTCCACACGTGTCCATACGTGGGGTM • ♦ • • 
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TGATAAACAGCTGCTTTCAGGACAACTGGTCAGCCCCAAAGGCACACAGACAATCTCCCT 
ACTATTTGTCGACGAAAGTCCTGTTGACCAGTCGGGGTTTCCGTGTGTCTGTTAGAGGGA 



121 



181 



241 



MetGluLysMetAlaMetLysMetLeuVal 
6 1 ATCTCTGGCACGGAAATTGTTCTTCCCATAATGGAGAAG ATGGCGATGAAGATGTTGGTG 
TAGAGACCGTGCCTTTAACAAGAAGGGTATTACCTCTTCWkCCGCTACTTCTACAACCAC 

.. -. . ,,i n>i rs.»TKrr1 uDliAPrnVx 1 Tvr&SOTvrAsi) 



IlePheVall^uGlyMetAsnHisTrpThrCysThrGlyPheProValTyrAspTyrAsp 
ATATTTGTCCTTGGAATGAACCACTGGACTTGTACAGGTTTCCCGGTGTATGACTATGAC 
TATAAACAGGAACCTTACTTGG TG AC CTGAACATGTCCAAAGGGCCACATACTG ATACTG 

ProAlaSerLeuLysGluAlaLeuSerAlaSerValAlaLysValAsnSerGlnSerLeu 
CCGGCTTCCCTGAAGGAGGCTCTCAGCGCCTCTGTGGCAAAAGTGAATTCCCAGTCACTC 
GX5CCGAAGGGACTTCCTCCGAGAGTCGCGGAGACACCGTTTTCACTTAAGGGTCAGTGAC 

SerProTyrI^uPh^gAlaPheArgSerS<ttValLysArgValAsnAlaXe^pGlu 
. w-w-ww-rwrpTM ir.i i^r«rr AGTTAAAAGAGTCAACGCCCtGGACGAG 




AspSerl^uThrMetAspI^uGluPheArglleGlnGluThrThrCy^ 
301 GACAGCTTGACCATGGACTTAGAGTTCAGGATTCAAGAGA^^ 

CTGTCGAACTGGTACCTGAATCTCAAGTCCTAAGTTCTCTGCTGCACGTCCTCCCTTAGA 

GluAlaAspProAlaThrCysAspPheGlnArgGlyTyrHi^ 
361 GAGGO^GACCCCGCCACCTGTGACTTCCAGAGGGGCTACCACGTGCC^TG^CGTTTGC 
CT^GTCTGGGGCGGTGGACACTGAAGGTCTCCCCGATGGTGCACGGGCACCGGCAAACG 

ArgSerThrValAxgMetSerAlaGluGlnValGlnAsnValT^^^ 
421 AGAAGCACCGTGCGGATGTCTGCTGAACAGGTGCAGAACGTGTGGGTTWCTGC^ 

TCTTCGTGGCACGCCTACAGACGACTTGTCCACGTCTTGCACACCCAAGCGACGGTGACC 

SerSerSerSerGlySerSerSftrSerGluGluMetPh^^lyAspIl^^GlySer 
AGATGTAGTTCTTTGTCAATGGACGAAC 

gWtacttggtagtgcactctactcttcti^^ 

661 JSSSSSSB^^ 

TTGGGCACCGGGTCTCGTTCTCATTTGGGACCGA^ 

721 ACTGGAAGGAATAGAAGTTCCAATGAAGAAAGATACCTTATGJ^ 

TCACCTTCCTTATCTTCAAGGTTACTICTTTCTATGGAATACTTAACACATTAAAAGAAA 

781 TGATCAATTGCAGTCCCTAATAAATGGCTTACTTTTCC 
ACTAGTTAACGTCAGGGATTATTTACCGAATGAAAAGG 
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LeuArgLysAsnCysHisPrcsGlnThrHisArgGluThrLeuSerValSerArgLeuGln 
SerAM GluGluLeuSerSerProAsnThrAM ArgAspThrLeuCysLeuSerlleThr 
LeuLeuGlyArgThrVallleProLysHisIleGluArgHisSerLeuSerLeuAspTyr 
CTCTTAGGAAGAACTGTCATCCCCAAACACATAGAGAGACACTCTCTGTCTCTCGATTAC 
GAGAATCCTTCTTGACAGTAGGGGTTTGTGTATCTCTCTGTGAGAGACAGAGAGCTAATG 

Sc rOP PheProGluTrpArqAroOP AroOP OP OP AroTyrOP LcuCysLeuLft u 
Ile MetTleSerArqMetGluLvsMetThrMetMetMetLysIleLeuIleMetPheAla tL%Or\ 
AsnHisAspPheGlnAsnGlyGluAspAspAspAspAspGluAspIleAspTyrValCys 
AA?CATGATTTCC\G£ATGGAGAAGATGACGATtIATGATGA 

TTAGTACTAAAGGTCTTACCTCTTCIACTGCTACTACTACTTCTATAACTAATACAAA^ 
I^uGlyMetAsnTyrTrpSerCysScrGfl .yLvsValPhcThr^ 



I 



SerTrpAsnGliiI^iiI^uValLeuLeuAtnOC GlylleHisGlnProGlyHisLeuLeu 
TCTTGGAATGAACTACTGGTCTTGCTCAG 3TAAGGTATTCACCAACCTGGCCACCTGCTC 
AGAACCTTACTTGATGACCAGAACGAGTC IATTCCATAAGTGGTTGGACCGGTGGACGAG 

AspHisAlaGluProCysTrpArgI^uCysI^uValS«^ 
GlySefCysArgAle^etl^uAlaProValSerCysI^^ 
TrpIleMetGlnSerHisAlaGlyMaCysVall^uSerHisCysAlaProCysAlaCys 
TGGATCATGCAGAGCCATGCTGGCGCCTGTGTCTTGTCTCACTGTGCCCCATGTGCTT^ 
ACCTAGTACGTCTCGGTACGACCGCGGACACAGAACAGAGTGACACGGGGTACACGAACG 

ValGl nWlScrGlnCysThrThr^ GlyMetProSerValPr o 
CysPrc^ vPheProValTyrAsplVrAspProSerSerl^uArqAspAlaLeiiSerAla £ ' 
ValSerArgPheProSerValArglAuArgSerlle^^ c * or > 

GTGTCCAGGTTTCCCAGTGTACGACTACGATCCATCCTCCTTAAGGGATGCCCTCAGTGC 
GACAGGTCJCAAAGGGTCAGATGCTGATGCTAGGTAGGAGGAA 

I^uTrpQC LvsOP IleProSerHlsOP ValArtrlleCysPheGlyHlsSerGluAla 
SerValValLvsValAsnSerGlnS^I^uSerProTyrl^uPheArgAlaPne^ySer 
I^uCysGlyLysSexGluPheProValTlE^ 

CTCTGTGGTAAAAGTGAATTCCCAG1CACTGAGTCCGTATCTGTTTCGGGCATTCAGAAG 
GAGACACCATTTTCACTTAAGGGTCAGTGACTCAGGCATAGACAAAGCC 

HisOC LvsGIJa OC ValGlnAsnGluIlePhcSerThrProProSerAsnAlaValCys 
SerLeuLysArqf/alSerAlaLysOP AsnLeuLeuTyrScrSerPheGlnCysCysLeu 
r^uIleI*ysLys»rLysCysLysMetLysSerScrlAUlAuI^uLcuPrcMetLeuSer 
CTCATXAAAAAGAGTAAGTGCAAAATGAAATCTTCTCTACTCCTCCTTCCAATGCTC 
GAGTAATTTTTClj^TTCACGT^^ 



z 



4cu 
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SerllelleAsnPheArgAsnAlaLeuIleThrLeuOP AsnPhellePheValLys^al 
AM HisHisLysI^uGlnLysCysIleAspHisThrl^uLysI^uTyrPheCysGluGfLy 
IleAlaSerOC ThrSerCluMetHisOP SerHisSerGluThrLeuPheLeuOP 
AT AG CA TCAT AAAC TTCAG AAATG CATTG A TCACACTC TG AAACTTT ATTTTTG TGAAC 
TATCG TAG T ATTTG AAG TC TTT ACG T AACT AG TG TG AG ACTTTGAAAT AAAAACAC 

OP GlyProArgOP GluGlnJJeuGlyHisGluPheArgValGlnHisProGlyAspTyr E*on 
LeuArgSexAM MetArgThrThrTrpSerOP IleAM SerSerAlaSerGlyArgLeu 
TTGAGGTCCTAGATGAGAACAACTTGGTCATGAATTTAGAGTTCAGCATCCGGGAGACTA 3 
AACTCCAGGATCTACTCTTGTTGAACCAGTACTTAAATCTCAAGTCGTAGGCCCTCTGAT 

CvsArgLvsAspSerGlvGluAspProAlaThrOr^ 
MetGlnGluGlyPheTrpArgArgSerArgTyrMetCysLeuProGluGlyLeuLeuCys 
HisAlaGlyArgllel^uGluLysIleProI^uHisValProSerArgGlyThrThrMet 
CATGCAGGAAGGATTCTGGAGAAGATCCCGCTACATGTGCCTTCCAGAGGGACTACTATG 
GTACGTCCTTCCTAAGACCKnTCTAGGGCGATC 

f/alSerGlyArgArgProIlePrc<;iuMet^nLysArgLysSerLcuThrSerSerMet 
GayLysTrpGluGluThrHisProArgAsnGluGlnLysGluGluProHisPhePheHis 
TrpOC ValGlyGlyAspProSerGlnLysOP ThrLysGlyArgAlaSerLeuLeuPro 
TGGTAAGTGGGAGGAGACCCATCCCAGAAATGAACAAAAGGAAGAGCCTCACTTCTTCCA 
A(±ATTCACCCTCCTCTGGGTAGGGTCTTTAC^^ 



Al aG luGluArcrThrHisProPheValPheSerS ^ProGlnLeuPheAlaGluAlaPro - 
SerOP ArgGluAsnSerProLeuCysLetiPheGl nb^rThrAlaVaxCy sArgScrrnr 
Glnl^uLysArgGluI^uThrProI^uSerPheProV^n^ 

CAGCTGAAGAGAGAACTCACCCCTTTGTCTTTTCCACTCCACAGCTGTTTGCAGAAGCAC 
GTCGACTTCTCTCTTGAGTGGGGAAACAGAAAAGGTGAGGTC E\Cf\ 

OP ArcTvT^uProSerAraCvsArq^^ i-f ' 

v« 1 T.ysValSerAlaff lnGlnValGlnMaValHisAlaAroCTsSerTrpSerSerSer 
ArgGluGlylleCysProAlaGlyAlaGlyGlyAlaCysSerLeuGlnX^euVaiLAuLeu 
CGTGAAGGTATCTGCCCAGCAGGTGCAGGCGGTGCATGCTCGCTGCAG 
GCACTTCCATAGACGGGTCGTCCACGTCCGCCACCTACGAGCGA 

ArqLeuSerLeuThrAlaAlaLysAx^T TyrAspTrpGlyLeu 
, ThrSer<;iuSerTYrSerS€rGliiGlty alOP LeuGlyPro 
HisValOP Vall^uGlnGlnArgArgGLyMetThrGlyAlaLeu 
CACGTCTGAGTCOTACAGCAGCGAAGAGpTATGACTGGGGCCTTG 
GTGCAGACTCAGMTGTCGTCGCTTCTCfcATACTGACCCCGGAAC 



J 
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■tctllaPheGly 



PhePheLeuSerCysAlaAspThrSerOP CysLeuAsnPhePheAx i£P_ 

PheLeuSerPheHetCysOP HialleLeuMetProGluPheLeuAM <ctl 

PheSerPhePheHisValLeuThrHiBProAspXlaOP IleSerLeu* spAspPheTrp 
TTXTCTTTCra ^TGATTTTTGG 



(SlvHlsValGlyllcSerOC MetGluLysGlnLeuSerlleTr ?OC 
GGACATGTTGGGATCTCATAAATGGAGAAACAATTATC1ATTTG 3TA. 
CCTGTACAACCCTAGAGXATTTACCTCTTTG1TAATAGATAAAC ZATTCAATTCTGGGGC 



PheLeuGly 



AAAAGAAAGAAAGTACACGACTGTCTAGGACTACGGACTTAAAGAAATC rACTAAAAACC 
Thro»«Tr P M lTT l r" T1 » ><inff1 ^ iiThrTI «»n ftTyrtgfralSerOC AspProGly 



ValLysThrPro 
iTAAGTTAAGACCCCG 



5" 



GluGltiSerCysLeuMetllelleThrValLeuGln falScrPhcGlnThrSerProQC 
Ax^lyVall^uSerTyrAspTyrTyrCysValThiG LvLeulleScrAsraGluScrlle 
GluArgSerLeuValLeuOP LeuLeuLeuCysTyrAx jSerHisPheArgArgValHia 
GAGAGGAGTCTTGTCTTATGATTATTACTGTGTTACAG JTCTCATTTCAG ACGAG TCCAT 
CTCTCCTCAGAACAGAATACTAATAATGACACAATGTC 2AGAGTAAAGTCTGCTCAGGTA 

Vii1A^TiACTPhri4et:TleGlvfllsr^ alS«AspPhtfheProAlaValProProA3p 
SerGluGlnPhcTvrAspArgSerLeuG LyLysOP PheLeuS«CysCysAlaThrArg 
LysOP ThrlieLeuOP SerVaixhrrr oOC VallleScrPjieLeuLcuCysHisGln 
AAG TGAACAATTTTATGATCGG TCACTTG JTAAGTGATTTCTTTCCTGCTGTGCCACCAG 
TTCACTTGTTAAAATACTAGCCAGTGAAC 3ATTCACTAAAGAAAGGACGACACGGTGGTC 



Exor\ 
6* 



GlnSarl^uCysPheProPheLeuSerLeuG LvIleMetArgArg 



SerOP CysAspOP 
XleLeuMetOP LeuThrCluProMetLeuProPheSer; 
AspI^tiAspValThrAspArgAlaTyrAlaSerLeuPhcTyrLet^ 
GATCTTGATGTPXCTGACXSAGCCTXIGCTTCCCTTTTCTATCTTT^ 3GAICK 
CTAGAACXXCAClGACTGTCTCGCy^ ~" 



IlePheAi jAspHisGluLyc 
SlySexOP Glu 



AC&CXXGTACTCTT 



ValXeuProPr^njcAsnAr^^ 
GlyH^aSerrroLyklBLysV^r^ 
Glvi^rCysI^uLeuGluThxOluGlylhrGlnTta H« 

GGGIMTGCCTCCTGGAAACX^ 
(XCATAACGGXCX^CCTTTG^ 

A«: P Ph^lu<X! ArgProOP GlyLyaLysMetGlnValHisThrSex^^ 
OP LeuOP ValThrAlaLeuArgOC GluAsnAlaGlyAlaHisLysCyalleAM Ly» 
I^uThrl^uSerAsoGlyt^ 
CTGACTTTGAGXWIOGGCCTTC^^ 
GACTGAAACTCATTGCX«yU^CT<^ 
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61 



-it 

Metl leSer AraMetGluLy sMetThrMetMetMetLy s I leLeuI leMetPhe 



Alal^uGlvMetAsnTyrtrpSerCysSerGlyPheProValTyrAspTyrAspProSer 




A^MTTCCCTAWGGAGTCAC^AGACXCCXTTTTCACTTAAGGGTCAGTCACTCAGGC 
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